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Emulsions are liquid-liquid dispersions stabilised by surface active agents 
called surfactants. The dispersed phase drops are typically of the order 
of 100 pm in size. Emulsions have very wide applications, ranging from 
medicines and food products to explosives. Emulsions, in their capacity to 
retain the two phases in the original form, have a combination of character- 
istics of both the phases. 
Emulsions often warrant prolonged storage, and although, they are sta- 
bilised by surfactants, they have only a finite shelf-life. Naturally, longer 
shelf-life is always desirable. The shelf-life can be improved only when 
the mechanisms dictating the breakdown process of emulsion are under- 
stood. The breakdown can be predicted only after understanding all the 
sub-processes involved. The present work is an attempt to understand one of 
the sub-processes of the breakdown of emulsion, namely formation of c.ream. 
Typically when a freshly prepared emulsion is left undisturbed, the lighter 
dispersed phase drops move and collect (and pack) a t  the top of the container 
to form cream. The present work aims at  the prediction of the spatial and 
temporal drop size distribution in the cream. 
The governing population balance equation was derived for the cream- 
ing process based an number balance. The creaming process which governs 
the formation of cream is characterised by the hindered creaming velocity 
of drops. The hindered creaming velocity is estimated by extending the ex- 
perimental correlation for the creaming velocity of drops in mono-dispersed 
emulsion to a multi-dispersed system. The final form of the ?lode1 equation 
is complex. So, an alternative approach was a d B e d ( r k o p ' r 4  '9 ) 
The continuous population was discretized into fine bins where each bin 
was characterised by a representative volume. The governing balance equa- 
tion was then split into individual balance equation for every bin. With the 
assumption that formation of cream does not affect the creaming velocity of 
the drops in the bulk (also known as simple creaming), the governing dif- 
ferential equations could be reduced to algebraic equations. For bidispersed 
system, equations showed that small drops, instead of going up as is expected 
for lighter drops, can actually begin to move down. Another interesting fea- 
ture was that when large drops cream leaving small drops behind, the latter 
get concentrated. This could lead to a technique to concentrate drops of 
smaller size which is otherwise very difficult. 
The reduced algebraic equations were extended to predict the drop size 
distribution in cream for multi-dispersed emulsions. Experiments were per- 
formed using paraffin oil as dispersed phase and glycerol-water mixture with 
sodium lauryl sulphate surfactant as continuous phase. Drop size distribu- 
tion in cream was measured as a function of height and time. The model 
qualitatively predicts the size distribution in cream, but over-predicts the 
rate of formation of cream. 
The generalised model was then taken up to capture all the other modes 
of creaming. The solution of generalised simultaneous non-linear hyperbolic 
partial differential equations was tried using analytical, semi-analytical meth- 
ods. All these efforts did not succeed. Purely numerical techniques were 
then tried, and even among those, many of the commonly used techniques 
(Lax-Wendroff) did not produce meaningful solutions. The third-order and 
fourth-order extensions of Lax-Wendroff technique were also tried. Partial 
solutions for a limited range of parameter values could be obtained using a 
fourth order technique. 
Using these partial solutions, the model predictions could be compared 
with the experimental data for volume fraction profile at  various times. The 
model seem to qualitatively predict the volume fraction profiles. Further it 
was found that the predictions could reflect two of the complex modes of 
creaming suggested by Kynch (1952) theory of sedimentation. The model 
was also able to track the second kind of discontinuity (Kynch, 1952) that is 
likely to be operational at high volume fractions. 
